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© Multilevel metallization .for VLSI and method for forming the sarne. 



.©.An Integrated. Circuit includes a substrate /a first 
level' horizontal conductor formed /on the substrate, . 
an interlayer insulator formed to cpver the first level, 
conductor.: a second level, horizontal conductor - 
- formed* 00; the interlayer insulator: and a vertical 
-conductive pillar extending.; through the interlayer in- • 
-sulaibr;for interconnecting the first 'level ^ horizontal 



. conductor'and the second level honzofitai conductor/ 
The vertical: conductive pillar- has a . side surface 
coplanar:^with a longitudinal side surface Of the first : 
level horizontal ; conductpr at a position vyhere. ihe- 
vertical, conductive' pillar is' in electric coiitaci/wrth 
:ihe first .ieyel: horizontal. cp/iductor, 
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© ^lultilevel nfietaliizatibn for VLSI and method fbr fdrmlhg the same/ 



. © An integrated circuit' includes a sutDStfare. .a i'irst J . 
level" horizontal cbnducto? formed on the substrate, 1 
an interlayer. insulator formed to cover the first . level ;V, 
. conductor. .. a second level . horizontal conductor.; 
. formed on • the . interiayer insulator; and vertical | 

conductive . |Di Mar extending through the interlayer in- 
. . sulator. for interconnecting- the . first' le'visi horizdhtal y 
. . . eonductor and ..the second levej horizontal conductor. : 
the vertical conductive . pillar has . a side surface ': 
CNIcoplahar with a longitudirial- side surface of the iirst ■ 
level, horizontal cbnductbr at a position where, the 
vertical conductive pillar is in electi'ic contact with 
^ the. first level horizontal conductor. 
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MULTIl,EVEt METALLIZATIPN FOR VLSI AND METHOD FOR FORMING THE SAME 



Background pi the .Invention 



Field of the invention 

The present inverition relates to a rnulti level 
metallization and a method for formihg the:, same, 
and more specifically to an improved pillar struc- 
■ lure for interconnection between tv.'p diiierent. levels 
. of. wiring conductors.- and a* method for rorming the 
impi'Gyed. pillar connection.. • '■ 



. : Description'^bf related art' . ■ : . V • 

. in the prior- art. a vertical Connection between 

. two different levels of wiring conductors in a mul- 
tilevel metallization has been effected by com- 
pletely charging a/ conducting., material into a 
through hole or via hole formed in .an interlayer 
insulating . layer, by vacuum, evaporation or.bysput^ 

. tering. Hpv/ever, an. advanced integrated circuit 
technology, particularly', an increased " integration 
density of the integrated circuit, has made it difficult 
to- realize,, a stable interlayer interconnection by 
means of through holes; In order to overcome this 
prdblerh. it has been proposed to previously form a 
stud-like connection :member. often . called a- 

; "pillar '!» on a- lower level metallization, so as- to* 
vertically protrude from* the lower |e?/el metalliza- 
tion; whereby a good interlayer conneciign between, 
the lower level metallization* and an upper level ', 
.metallization . can be realized . by' the conductive . 

• pillar .vertically protruding from., the lower -level, 
metallization.. ' , - ' . . 
. Referring, to Figures 1 and 2, there 'are, diar. 

; grammatically, shown a typical exarripie o/; a con* 
ventipnal conductive pillar. vertically prqlruding from . 
the lower '.level metallization. As shown in Figure 1, 
a: plurality of lov/er level- conductors 10 are- formed 

; on a* semiconductor substrate 12' and a conduciive 
pillar 14 is formed on the lower level conductor. \0\ 
at a portion. 16 v/here a; through. hpl^.i8-is, to be" 
formed in an interlayer in$uiator (hot shown/ V/hich 

■ is to be formed to cover the lov/er level conductors 
10 for. the purpose of interconnection between the 
lovifer. level conductors 10 and an upper level con.- 
ductpr (not shown) to* be formed on ih^ interlayer 

.insulator. As seen from Figure 2. however, in order 

•to previously ensure a tolerance or ;alignm^ni and., 
to - compensate for variation of dimensional -^e.cuf V 
r^cyi.in t.he semicdndyctor. process, it.^has.. been . 
nep.essary to. widen, the portion ' 16 of 'the lov.'sr • 
level conductor . 12 where the pillar 14 is. formed.. ; 
with the. result that a co.nduetpr pattern pi jciijlinr;-. 



pitch) must .be enlarged. For ?.;a.nnpl2i assuming 
y .. that. a width of each conductor 12 is ."F*' at a 

• portion excluding the pi liar form at ion portion 16 and 
. • "2F" at the pillar ..formation portion. 1 5. and that ,a 

.^5 minimum space belweer) sach' pair of adjacent* 
-.; conductors is "F". the conductor paitern pitch must' 
be "3F". In other words, it is disadvantageous that 
. the wiring density has been d ecreased^ 

ReCuiiHv, K. llubcilt'^'erTi proposed in Pro- 
:ig- ceedings of IEEE V-MIC Conference. 1988. ppl i7f 
. - 124, that the wiring conductors ^nd -.he pillars are 
^ ^ . formed of gold metallization so as iq reduce the 

• • ■. wiring pitch. Referring to Figures; 3 and .4; there are. 

■ diagrammatically shown a '.conductive pillar pro; 
'IS • posed by'.K, H^^rle ett-at, As shov:n. jri Figure 4. a 

• ..through hole 18A is formed to h^ve' a size larger 

than, the width' of the lower level conductor .12. 
■formed on the sutpstraie iQ/and lhen..as shown in 
. ' Figure 3, a pillar t4A is formed iC • straddle the-. 

■ - lower level conductoi^. 12 by. meafis of a oold plat- 

■ • ........ , . f , . . ^.^ , 

ing method. ^ . . v 

.In this method, assuming that the -.vldth of each- 

• lower level conductor 12 is "r" and the width of 

• thje pillar 14A is "2F". in a direction perpendicular, 
to the* lorigltudinal direction of the lower level con- ' 
duQtor 12/ the wiring pitch: (line pitch; cari be *made' 
"^.SF which is shorter than the example shown in . 

.'• Figures 1 and 2. However, due to possible misalig- 
' j: nment of mask patterns- and. due to v^ri^iions.pl tii? 

■ shape of the pillar, there is an danger of .shon-. 
-. . . eii'cuiting -between .adjacent conductors :pr another; : 

danger of increasing a wiring capacitance even, iiv 
the adjacent conductors are no; shbrt-circuiied.- ih.- 

• ' other woi'ds, in order to avoid these darigsrs. the' 
35 ' - wiring pitch (line [ pitch)- cannot be* sufiiciantiy re-*: 



25 



30. 



Surnmary of the. Inverition 



- 40 



''. Aecordingly,: it i's 'an object of th£- presant in- 
yentipn to provide an' interlayer connection struc* 
ture for an'integrat^ circuit, which iias overcome 
the above mentioned defect* of • [he conventional 
as * ofie. * * ' ^ ■ * ■ 

. -.Another object of. the present invention is '^o 
. - provide an interlayer connection sifuctu're of the 
. pillar type,- which- can reduce*, the /.vinng 'piiciv'as - 
compared v;ith the conventional on^. 
oo . ; Still another object, of the present, mvGntipn is 
. to "provide, a method of forming an inieiiayer . con- . 
. pection .structure' o.f the. pillar type. 'which-.alipv.'s jo 
:' \ .reduc(?'! lhe v;irjng pitch "as com pared /.'iilv the . ^dn- 
,• r .- '-yentionar methods., y.:.\ ' • ' ..- 

*!. r ''['The' above and other* objects/ or \h^; pro b'en^^ 
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invention are achieved in • accordance with the 
'present invention by an integrated circuit ihcJuding 
a substrate, a first level horizontal conductor- 
formed ori the. substrate.' an interlayer insulator. 
iormed to cover thi first level conductor, a second 
level hortzontat conductor formed on the interlayer 

• insulator, and a conductive pillar e)ctending through 
. the interlayer insulator for interconnecting the first 

level hdrizdntal . conductor and the second level 
horizontal conductoi". the conductive pillar having a- 
pair of opposite side surfaces copianar. with a pair 
of corresponding longitudinal' side surfaces of the 
first level horizontal . conductor at a position where • 
the conductive, pillar is in electric contact ^with the 
first level horizontal conductor. 

' '.According* to.' another aspect of the . present 
invention, thiBre is provided a method of forrtiing ah.; 
interlayer. connection conductor in an integrated 

.circuit, comprising the' steps of depositing a first, 
photoresist layer oh -the conducting Jay^r and pat- 

. terhing the deposited, fli'st photoresist layer to form* 

• in the deposited first photoresist layer a groove for 

; formation of a lower level wiring conductor; forming . 

.-•within the groove.- a first, level - wiring- conducfoi' 
having a thickness srhaller than that of. the depos- ■ 
ited- first; photoresist -layer-, forming a second, 
photoresist to cover ah area inGludii^g' the first level 
wiring conductor, formirig an opening in the second 
photoresist above the lower -level wiring conductor 

- at a predetermii^ed position whei'e the lower level 
wiring condijlctor is .to .be interiibhnected with a 
possible uppeir' level wiring cdnductor.: so that a • 

: portion of the .lower level, wiring conductor is ex- 
posed thrduighthe^^^ger^^ a • 
siie larger, than a width of the lower level wiring, 
condiiictori and forming- a conductive :;piilaf within. • 
the opening; so that the conductive^ pillai" is formed- 
in the* groove above the loweir level wiring cdnduc- 

:tor;-/ ' : ' •■• . ' . . * • ■* • . ■ . - 

As seen from the above/the interlayer. conhec- \ 

Jioh structure in accordance with the preserit ihyen^ . . 

;tidn for an ihtegrated circuit is sucfi that .a pailr of . 
opposite side surfacslpif'the conductive pillar. verti- * . 

. cally extruding ..from the first level ' horizontal ' con- ' 

.'ductor are copianar with a pair of corresponding. 
iongitudihal side surfaces of the first iev^l hdri^son- • 
tal conductor/ respectively: This means that, the 
dimension of the conductive pillar in a width diree-. 
tiori of the first level horizontal conductor has the 
sarne as the, width df the first level horizdntal eon- . 

duc:tor; and accordingly; the wiring pitch can* be 

determined by the. width of the first level .horizontal 

• conductor and therefore can. be reduced as com- , 
pared with the conventional one, 

- In addition, in -..the. rhethod iri accordance with . 
the present invention for forming the interlayer con- . 
neclion • structure, the lower leyel wiring conductor 
and the . cofiductive pillar are fofrned. . \«ithih . the" " . 



groove foi'med in the deposited first photoresist 
layer. This means, that, the conductive pillar is 
forrned in a self-alignfTier»t witrt .the lower, level 
wiring coridl/ctbr by action of the groove formed in 

5 the deposited first photoresist layer. Therefore, the 
wiring pitch can be reduced to a iimii.deierjDihed 
. by a photolithography. In. other words, the wiring 

• ; pitch can become free from a tolerance nnargin for 
nnisalignment and a dimensional error , of semicdn- 

ro. ductor process, which were causes for thcreastng 

the wiring pitch in the prior art. . ^ 
■ . • .the above and other objects, features- arid ad- 
vantages of the present invention will be apparent 
. frbni the folldwihg description of a preferred em- 

15 bddiment of the invention with reference to the 
accompanying, drawings. 



Brief description of the Drawings \ 

Figure -1 is. a diagrammatic perspective view 
of. 'one example . of . the conventional 'conductive 
■ pillar vertically protruding from the lower level con- 
ductor in the multilevel metafiization; . • 

. Figure* 2 • is a - wiring pattern diagVam of . the. 
lo.wer level conductor aiid the eoriductive piflar ver- 
tically protruding therefrom as shown in Figure iT- . ' 
Figure 3 is a diagrammatic .perspective view 
. of . another exarhpl^: of the eonventipnal conductive 
pillar vertically protruding frorfi tfie- lower level <ioh- 
; <luctdr in the multilevel metallization; 

• ' Figure 4 is a wiring -pattern' diagram, or the.' 
lower level conductor and the" conductive pillar yer^ 

' tically pr6tirudihg:thereifrom as stiowh in Figure 3:' ■ 
[■)■:• Figure 5A to 5E are-diagranimalic perspec- 
tive vieyir.s of ah iritegraied circuit chip Idr. illustrat- 
ing phe .embodiment of the pillar- type interlayeit 
connection: construction .forming m.ethod- in accor- 
dance with. thie present invention; and 

• pigM^e 6 is a wiring • jaatterh . diagram of ihe V 
' .lower level cdn^duetbr and the conductive pillar ver- 
.tically pi;btrudihg therefrom formed, in the. rhethod 
illustrated in Figures $A to SE- . . . 



45 Oescriptibn of the Pl^eferred embodirheht ' . . 

\ ■: Referring to Figure 5A to 5E; there, are shdv/n 
; ; ■ diagramrtiatic perspective views of an integrated 
• .circuit chip .for illustrating one embodiment of. the 
50 **. pillar type interlayer connection- construction for- 
; • mihg method in accordance with the presni inven- 
tion. . • . ■ . ; * 

.\ Firstly, in order to form a conductive 'uhdei> : 
.V. layer which is. used! for fprmihg. necessary vyiriAg 
55 conductors and vertical ' 'conducti\/e pillars on a 
semiconductor substrate 20 by use pi an Au (gold) 
electroplating, method, a' thin layer 22 of TiW and [ 
'.another thin layer 24 of Au. aire .cohtiriuously d.epos- . 



.20 
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ited on a principal surface of the semiconductor • ' sphere, and thereafter. Ihe second photoresisi 32 is 
. substrate 20 by sputtering." Thereafter, a first • deposited. With this, the second, photoresist 32 can 

photoresist 26 is . deposited to cover the whole of ' be .patterned to a desired shape without giving a 

the principal. -surface of the semiconductor sub-. substantial damage to the shape of. .tt?e first 

• strate 20 and: to "f\ave a thickness of Z.Oum. arid; . ? photoresist 26." ' '* ' ^ 

: the deposited first photoresist is patterned . by. a After the formation of the openings '34. Au is 

' photolithography to form a plurality of grooves 28 ' deposited by the Au electrppialiri^ method using 
for a lower level conductor, so that the underlying - the conducting underlayer 24 as an electrocfe to be 

. Au thin layer 24 is exposed within the grooves 28. ' plated/until a first pillar 36 of Au- having ^.height of 
■ Then, as shown in Figure 5A,' a first vor lower level, .- to O.Sum. is grown. -.pn the lower level conductor- 30 
conductor 30 of Au' having a thickness of 0!8um is : within the opening 34. The total height of the fewer 

. formed within each groove 2B. namely .deposited . " level conductor 30 and the first pillar 36 is 1.6am, 
, on the exposed underlying. Au thin layer 24 within; ' ' w^^ th.ar^ the thickness of the first 

each groove 28/ by means of the Au electrpplating . ; ■ photoresist 26:' Therefore, a pair of opposite side- 
method u?ing the conducting underlayer 24 as an. is surfaces of the first pillar. 36 positioned in a longitu- 
electrode. to be plated. This Au electroplating meth- • / ' dinal direction of the lower level conductor 30 are 
gd is described in detail in' the K. Haberle et at - . . qopjanar with a pair- of corresponding opposite (on- 
- article referred to hereinbefore, and therefore, a " r. .;. gjtudinal side surfaces of the lower level ^ 
•detailed explanation thereof will be omitted, 30. In other words, although ihefopening 34 having 

As shown in Figure 5B. a second photoresist. 20 . the" size* larger than the width of the lower level^ 
32 is deposited to cover the whole upper surface of . . • conductor .30 is fprrned in th^ ?econd photoresist 
the semiconductor substrate 20. with the portion of ' . 32, the first pillai' 36 is formed in setf^alignment 
each groove 28 above' the first or lower. I^vel cbn^v ; • 'with- the lower level cohductpr 30. / 
ductor 36 being filled with the second photoresist ; ■ * Thereafter, the first and second photoresists 26 
32, . The 'deposited second photoresist 32 is pat- ' . 25 'and 32 are removed, and then, the exposed under- 
terned by. a photolithography to form a plurality of " . .layer composed of the Au iay.er 24 and TiW. layer 
openings 34, at predetermined positions where a ' • » 22 is rempved by means of ion milling, as shov/n irj 
conductive pillar is to be formed, so that the first or . ' Figyre 5C. • 

lower -level conductor 30 is parjially exposed. As ; ' . ■ Then, as shpwn 'in Figure 5D. ■ a -'siHGone.. 
shown in Figure 6. the. size of the opening 34 in a ; ^0 .polyimide (PSI) layer, 38 is depos.ited as, an inter- 
direction pefpendicylar to a longitudinal direction of : . "layer insulator'on the. whole surface of the sub: 
.the first or lower leveL conducipr 30 Is larger than; . strate,. and etched back by means of an. entire 
the width of the' first or lower level conductor 30. • .etch-back process until a heafd "portion 36A of the. 
'namely, the width of the groove 28: Specificady. at. ' first - pillar- 36. is exposed above, the- silicone 
;a level above* a horizontal boundary betv/een . the -3$ . pblyimide layer 38 so. that the exposed portion has 
.firs|t photoresist 26 and the second photoresist. 32; a height of 0,2tim. ' . 

each operiing'34 has the . size larger thaa the width . ; Thereafter; as shoy/n in Figure 5c, a required 
of the lower level conductor 30. On the other hand. ' number of second or upper level' conductors 40' 

.at a. leveriDelow the horizontal boundary between • and second j3illars..42 of Au protruding from the 
th^ first photoresist, 26. and. the second photoresist 40. upper level conductors 40 are formed in- the same. 
32, each opening 34 has a size limited by this width . -manner as th^l explained ^above vviih . rgference to 
of the groove 28. namely, the width of the lower . '• '; , 'Figures 5A to 50. The uppei^ level condyctors 40 
level "conductor 30. Accordingly, the relative, posi- -.'are formed in a direction orthogonal to the lower; 

tioning of the opening 34 to the first or lower. level .level conductors 30. and. some of the upper level 

conductor 30 mgy be at a relatively low degree of 45 conductors 40* are formed atppve and in electric 
accuracy, if. there is assured that, the full width -of ; . > . ciont^et with selected ones of the exposed he^ds 
•the lower level conductor- 30 is exposed within- the : . . 36A pf the first pillars 36. The second pil.lar^ 42 are 
opening* 34. In other words, a center .of the. opening ..••.formed in-seif' alignment with the upper level con^ 
is not necessarily in precise alignment to a- longitu- ' : dudtors 40. Therefore,- the . upper level conductors 
dinal center axis of the. lower level conductor 30/.^ ■ so-. 40- can be formed v/ith the wiring pitch (line pitch) 

Here, it should, be. noted that, for the |!>hp^ ' ^. of. 2P. similarly to the' lower level cond^^ 
toiithography for the;- second photoresist 32. it- is * - ^ The process as mentioned aijove can' be re-' 

necessary to select a process which gives no dam^ peatedly "performed. Therefore, a multilevel metal- 

.age. to . the shape of. the first photoresist 26. For !. . . lization can be. realized with a desired nurnber of 
example;: if the* first' and second, photoresists* 26/ . . 55. . levels- gn^J with -a jnlnimum .v/iring pilch (line pitch) 
and c32 -is ';0f a- positive type which; conta'ins;;a ;...;■•.' alto wed. by the photolithography; Accordirigly. an 

.'Novpfak^ resin , as- a mairi cprnponent.. the . first . [. 'currently allowed maximum; vyiring densily xan be 

.photgresi^^t -; 26 'is . cured- within, a . ; . * . ' 
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. The invention has thus been shown and de- 
scribed with, reference to the specific embodiment. 
Hovvever. it should be noted that the present inven- 
tion, is in no way lirhited to the details of the 
iliustfated structures out changes and modifications 
may be made, within the . scope of the appended 
claims. 



Claims . ' . . io 

^ 1. Ah integrated circuit including a substrate, a* 
•first level horizontal conductor lornied on the sub- 

; strate. an interlay6r insulator formed tp' cover the- 
. fii'st level conductor., a second level horizontal con- ; 75 
ductor formed on the ihterlayer insulator, and^ a 
vertical conductive pillar extending through the in- . 
terlayer insulator for interconnectirig the first level 
horizontal conductor and the second' level hoi'izon-.- 
tai conductor, (he vertical conductive pii^ar having a , ' 20 
side surface coplanar with a- longitudinal side sur- 
face of the first level horizontal conductor at a. 
position ..where the vertical conductive pillar, is ir? 

- electric contact- with-'the first level hbrizohfar con- 
ductor; ■ ■ . ' . ; { • ; 25 
Z An integrated drcuii daLimed th Claim 1 

: wherein the first level horizontal conductor extends 
in. a first direetiori and has an upper surface arid a . 
pair of opposite; longitudinal side 'S^ which ; 

extending in the first direction, and-, the second : jo- 

• level horizontal conductor extends in -a second di- ■. 
rection orthogonal to the: fiirst direction, the veriica^ . 

. conductive pillar being formed to extend from the . ■ 
upper surface of the first tevel horizontal conductor. ■ ■ .* 
to a bottom suiiace of the second level' horizontal • .35' 

.'conductor; the vertical conductive pillar having a 

'pair of 'opposite -side '.surf aces .in parallel to and '; 
coplanar to the corresponding opposite longitudinal ' 
side surfaces of the first level* horizontal conductor. 

3. A fTnethdd of forming ah interlayer connec- ' . 4o 

. tton conductor in an' integrated circuit.- cornprising • / 
the steps of 'depositing . a first photoresist layer on • 
thd conducting layer and patterning the deposited 
first phdtdresist layer to"-fbrrn* in'the deposited first 
photoresist layer' a groove for fbrnriatioh of a lower . ws. 
level wiring conductor, forrhih^ within the groove. a ; 
first level wifirig conductor, having a thickness 
srhaller .than that of the deposited first photoresist , 

■ layer, forming a second photoresist to cover an 
iarea including the firsrrlevel, wiring- conductor, for- so- 
ming an .opening in the second photoresist above . 

..the lower level wiring conductor at a predeterrhined 
position where the. lower level wiring conductor is .-. 
to be iiitercdnnected .vvith- a possible upper level 
wiring conductor, so " that a -portion of the I6wer '55 • 
level wiring conductor ..is ' exposed through . the • 
opening;^ the dp.enihg havihg a size larger than a" ' 

.widtti of .the. lower level, wiring conductor, ahd tot- '\ • 



,ming a conductive pillar within the opening, so that 
the conductive pillar is formed in the groove above, 
the lower level wtfincj cdnduGtor. 

4. A method claimed in claim; 3 wherein a 
conducting underlayer is forrried oh a pi^incioal 
surface of the substrate before depositing the first 

..photoresist layer on the conducting' layer, and 
wherein, the first level wiring conductor is formed* 
by rneans of electroplating using the .conducting, 
iiriderlayer 3$ an electrode to be plated, arid the 

. conductive pillar is fbrnied by miaans of an elec; 
troplating using the conducting underlayer as the 
electrode, to be plated. 

5. A method claimed in Claim 4 wherein thd 
.conductive pillar is forrned so that a top of "the 
conductive pillar is lower than an . upper surface 

..level of the first photoresist layer. - ; 

:. 6; A rhethod claimed in Glairn 5 further includ- 
'in^ th^ steps of removing the first, and second 

• photoresists, forming an insulating layer to cover 
the whole of the substrate but to aiiow a- head 
portion, of the conductive pillar to be exposed from . 
the insulating layer; .. " .:.*.;/' 

• 7, A linethod clairtied In .Claim ' 6" funher inclod- • 
ihg the step of etching back the ihsulaiing layer so., 
that the a head portion oi the cpnduGiive.' pillar is • 
. protruded from the insulating layer. . 

.•.8. A method claimed in Claim 7 further: inctud-. 
■' ing the steps of fornriing a sepohd conducting un- 
.'derlayer bh the insulating layer* depdsiimg a ihirij - 
; .photoresist layer on the second cohduGuhg under.7 . 

• layer, and pattern'tng the. deposited third photoresist 
layer to fbrfn. a. second groove for fGrhiatldn of a. 

•.second * level .wiring cohductbr in ' irie deposited 
. . 'secorid photoi^esist layer, the second groove being 

positioned to cross the first level conductor in- a : 
.. plan view and to selectively pass 6.h ^the first con- 
ductive {)illars. fdriTTiing a second level -.v!,. ing cdn* * 
ductor within the groove by means of eleciropJating 

• using the second cpnducting under iay^r. as an' 
. eleictrode ..to be plated so that secdhd feyel .wiring 

• conductor is seldctively in. electrical coniact with 

. the first conductive pillarSi' the second* wiring cbh-^ 
ductor having a thicknesis smaller ihaq mat of ihe . 
■ deposited second.- photoresist layer: - iorrtiihg, a- 
fourth photoresist to cover ah . area ihriudrng the < 
second wiring conductor, forming a second .open- . 
; ing • iri the fourth . phPtoresist above the second, 
wiring conductor . at a selected pbsiucn so that a*, 
portion, of the second wiring conductor *:s expo'sed .. 
... through the second opening, the secono opening 
■haying a size, larger than a width of tne second" 
. wiring conductor, and- forming, a second conductive- 
. pillar within .the -opening by means, of ah eiec- ; 
- tr opiating usfng. the . second conductfhg underlayer ' 
. as am electrode to. be plated, so lhai the second 
Gonductiye pillar is formed in the second groove 
above* the., secortd- wiring conductor, artd .removing , 
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